This work aimed to prepare bilayered V 2 O 5 by hydrothermal route from vanadium (III) chloride (VCl 3 ). According to XRD results, bilayered V 2 O 5 showed a large interlayer spacing around 11.3 Å. The electrochemical properties of bilayered V 2 O 5 were carried out by cyclic voltammetry and charge-discharge testing in non-aqueous electrolytes LiPF 6 and NaClO 4 . The curves charge-discharge showed that mechanism of insertion/extraction of Li + ions and Na + ions were occurred on a solution solid without the phase transition. Moreover, specific capacity for lithium and sodium intercalation of bilayered V 2 O 5 were found out 250 mAh/g and 200 mAh/g, respectively. The kinetic of lithium's and sodium's insertion was evaluated by the electrochemical impedance spectroscopy (EIS). The EIS results exhibited a stabilization of charge transfer in both case and a slow kinetic of sodium's diffusion compared to lithium's case due to the large ionic radius of sodium.
INTRODUCTION
In 21 th century, rechargeable batteries are main key of modern technology in many applications from portable devices (smartphone, laptop…) to large-scale (hydride electric vehicle-HEV, smart grid system…) [1] [2] [3] . Among the rechargeable batteries, Li-ion battery (LIB) is outstanding member due to the highest gravimetric as well as volumetric capacity; and Sodium-ion batteries (SIBs) can have contribution to alternating LIBs in large-scale application. Li-ion and Na-ion batteries have the same configuration with an insertion/extraction reversible of Li + ions and Na + ions into electrode positive and negative during charge-discharge process [4, 5] . Bilayered V 2 O 5 is a promising cathode material for both Li-ion and Na-ion batteries because of a large interlayer spacing around 10 Å [6, 7] . In this work, we investigate the insertion electrochemical of Li + ion and Na + ion into bilayered V 2 O 5 in non-aqueous electrolyte. Moreover, a comparison of kinetics of lithium-sodium intercalation into nano crystalline V 2 O 5 bilayered was carried out. The electrochemical impedance spectroscopy results exhibited the slow kinetics of sodium intercalation compared to lithium intercalation due to the large ionic radius of sodium.
MATERIALS AND METHODS
Bilayered V 2 O 5 were prepared by a hydrothermal route. A mixture of 1 mmol of VCl 3 (Sigma-Aldrich, 97 %), 5 mL pyridine (Sigma-Aldrich) and 10 mL deionized water was stirred under vigorous at room temperature. After that, the precursor solution was heated at 180 °C in a teflon-lined autoclave for 12 hours. The precipitate was cooled to room temperature naturally, collected, and washed with deionized water and ethanol several times. The final products were obtained after drying at 120 °C in a vacuum oven overnight. Structures of these samples were identified by powder X-ray diffraction, using a X'Pert PRO MPD PANalytical diffractometer (at Center for Innovative Materials and Architectures, Ho Chi Minh City) with CoKα radiation (λ = 1.789 Å), 0.02° and 20 second pars step counting time. The diffraction pattern was collected for 2θ between 10° to 70°. The morphology and the distribution of grain size were determined by using a FE-SEM S4800 (Hitachi, Japan) at Institute of Chemical Technology-VAST.
The electrochemical properties were measured in a Swagelok-type cell. The positive electrode was composed on material active (80 wt%), acetylene black (7.5 wt%), graphite (7.5 wt%) and teflon (5 wt%). The mixture was pressed directly on a stainless-steel grid under a pressure of 5 ton/cm 2 . Negative electrode was lithium or sodium metal and 1 M LiPF 6 /ethylene carbonate:dimethyl carbonate or 1 M NaClO 4 /propylene carbonate (2 % fluoroethylene carbonate) were used as electrolyte, respectively. Cells were assembled in a glove box under argon to avoid oxygen and water. The kinetic of insertion-extraction of lithium or sodium into bilayered V 2 O 5 were investigated by using electrochemical impedance spectroscopy. Impedance measurements were performed in the frequency range from 10 6 Hz to 5×10 -3 Hz. The excitation signal was 10 mV peak to peak. Electrochemical studies were carried out by using VMP3 apparatus (BioLogic-France). All electrochemical characterizations were implemented at Faculty of Chemistry, University of Science-VNUHCM.
RESULTS AND DISCUSSION

Structure and morphology
The bilayered V 2 O 5 , called V 2 O 5 .nH 2 O xerogel, is a stack of long ribbon like slabs which are made up of octahedral [VO 6 ] stacked along c-axis, as shown in Figure 1a with a distance inter-layer of 11.5 Å [8] [9] [10] . The XRD pattern of bilayered V 2 O 5 ( Figure 1b) showed the typical (00l) refection peaks, which are consistent with those of the layered structure of V 2 O 5 .nH 2 O (JCPDF: 40-1296). According to XRD pattern, the distance interlayer was determined to 11.7 Å.
Due to the hydrothermal reaction, the peaks in XRD pattern had quite large. It is considered that the sample was crystallized in small particle sizes. According to the Debye-Scherrer equation (1) 
Kinetic of
CONCLUSIONS
In summary, we had synthetized nano-crystalline bilayered V 2 O 5 by hydrothermal rout from a precursor of VCl 3 . The XRD pattern of bilayered V 2 O 5 showed the typical (00l) with an interlayer spacing of 11.7 Å. Bilayered V 2 O 5 could insert reversiblely 1.5 ion Li + (~220 mAh/g); while a stability of sodium's intercalation occurred at 0.8 ion, corresponding to a specific capacity of 120 mAh/g. The sodium diffusion coefficients were found around 10 -11 cm 2 /s, This value is lower 100 times than the lithium diffusion coefficients (~10-9 cm 2 /s) due to a larger ionic radius of sodium ion.
